The effect of tempering temperature on corrosion of AISI 1045 steel in sodium chloride environment were investigated by means of weight loss measurement (WLM), optical metallography microscopy (OMM) and scanning electron microscopy (SEM) at an interval of 15 days for the period of 90 days. The results showed that corrosion of the tempered steel samples increases with increase in tempering temperatures. The corrosion rate values are between (0.0004-0.0015) g/mm²/yr for control sample which peaked on day 45, (0.0002-0.0007) g/mm²/yr for 250 o C tempered sample which peaked on day 30, (0.0003-0.0008) g/mm²/yr for 350 o C tempered sample which peaked on day 30, (0.0003-0.0012) g/mm²/yr for 450 o C tempered sample which peaked on day 30 and (0.0003-0.0013) g/mm²/yr for 550 o C tempered sample which peaked on day 30. The result obtained showed that control samples were more susceptible to corrosion in NaCl environment than tempered samples. The least tempered (250 °C) samples have better corrosion resistance than other tempered samples, which revealed that, it is best to be used in this medium compared to other tempered samples and control sample.
INTRODUCTION
In modern industrialization and technological advancement, metals account for over 90% of equipment composition used for construction [1, 2, 3] . The two particular reasons for the extraordinary versatility of steel are heat treatment and alloying. These procedures alter the crystalline structure of steel, and hence it's physical properties. Medium carbon steel has between (0.3%C -0.6%C). The usage of steel is well pronounced in various aspects such as in manufacturing, oil and gas, construction, medical, textile, transport and aviation industries [4] . Medium carbon steel may be heat treated by austenitizing, quenching, and then tempering to improve their mechanical properties. They are most often utilized in the tempered condition, having microstructures of tempered martensite. The plain medium-carbon steels have low hardenabilities and can be successfully heat treated only in very thin sections and with very rapid quenching rates [5] . Additions of chromium, nickel, and molybdenum improve the capacity of these alloys to be heat treated, giving rise to a variety of strengthductility combinations [6] . These heat-treated alloys are stronger than the low-carbon steels, but at a sacrifice of ductility and toughness [7] . Medium carbon steel is suitable for nearly all environments. It is best for the production of machine parts, bolts, crankshafts, gears and railroad. Medium carbon steel main advantage over other metals as plain carbon steel is their low cost of production and they are used successfully where strength and other requirements are not too severe [8] . Failure of parts and components of engineering equipment in different industries by corrosion is one of the major problems. One of the key factors in any corrosion situation is the environment; this has found a wider influence on material strength and performance behaviour. Environment is a variable that can change with time and conditions, its effect on metal corresponds to the micro environmental conditions. Chloride environment is an aggressive solution that affects nearly all common structural materials to some extent [9, 10] . Two competing processes operate simultaneously in chloride environments.1) the chloride ions activity which tends to destroy the passive film and 2) dissolve oxygen which acts to promote and repair the passive film on metallic materials of construction [11] . However, chloride solutions are of high application in most manufacturing and production sector as cleaning agent [12, 13] . It also has its application in oil and gas exploration, as an important component of drilling fluids in well drilling [14] . It is used to flocculate and increase the density of the drilling fluid to overcome high downwell gas pressure [15] ; it is also used to increase the curing of concrete in cemented casting [16, 17] . It also has its application in the food, medicine and agricultural industry [18] . Corrosion is responsible for so many mishaps that have occurred in the engineering history of man. The steel industry as profitable and important, is plagued by one of the most engineering solution defying problems known to man, called Corrosion [19] . It is inevitable that the industrial performance of a given metal will significantly decrease by exhibiting anodic dissolution or oxidation when an electrochemical reaction occurs. Present day trends in the metal industries are towards improving the surface properties (e.g. corrosion and wear) of materials [20] . Heat treatment of steel is one of the ways of improving its resistance to corrosion [21] . Heat treatment involves the application of heat to a material to obtain desired material properties (e.g. Mechanical, corrosion, electrical, magnetic e-t-c). During the heat treatment process, the material usually undergoes phase microstructural and crystallographic changes and this has effect on the corrosion, mechanical and electrical properties of the steel [22] . Tempering is accomplished by heating a martensitic steel to a temperature below the eutectoid for a specified time. Tempering is carried out at temperatures between and ( and ); internal stresses, however, may be relieved at temperatures as low as ( ). This tempering heat treatment allows, by diffusional processes, the formation of tempered martensite [7] . Medium carbon steel has wide application in marine environment due to low cost, availability and versatility [23, 24] . Due to the corrosiveness of the marine environment and the susceptibility of medium carbon steel to corrosion, there is therefore the need to investigate the effect of tempering temperatures on corrosion of AISI 1045 steel in sodium chloride environment.
MATERIAL AND METHODS

Material
The material used in this investigation is a medium carbon steel substrate of 16 millimeter diameter. The chemical composition of this material were analyzed for by a mass spectrometer analyzer. 2.2. Methods
Preparation of Samples
The medium carbon steel was machined into a cylindrical piece and cut into 25 pieces. Each sample dimension was 16 mm in diameter and 40 mm in length.
The Heat Treatment
Twenty samples were placed inside the muffle furnace (electric furnace) and heated to austenitic temperature of 930 o C and held for 30 minutes for homogenization after which the samples were immediately quenched in water. The samples were then tempered at four different temperatures of , , , and for one hour. The remaining 5 pieces of the samples were used as control samples, without heat treatment so as to see the effect of corrosion and to compare with tempered samples. Both the control samples and heat treated samples were immersed in the NaCl medium in well labeled plastic containers.
Weight Loss Measurement and Determination of Corrosion Rate
The investigation involved periodic weight loss measurement at an interval of 15 days. Specimens were retrieved, washed properly in water, dried and weighed on a weighing balance to determine the weight loss during exposure as described by [7] . the corrosion rates were calculated for using the relation in Equation (1) 
Metallography
All the steel samples were prepared for optical microscopy using standard metallographic practice. The surface of the specimens was etched using 3% Nital to reveal the grain boundaries. The micrography was done with a magnification of x 200.
Scanning Electron Microscopy (SEM)
At the completion of the investigation after 90 days, the surfaces of the tempered and control sample were examined by using Phenom Pro-Suite scanning electron microscope (SEM).
RESULTS AND DISCUSSION
The results of the experimental investigation for each experimental procedure described in section 2.2 are presented and discussed in this section.
Results
The result from the corrosion rate analysis is presented in Figure 1 . Figures 2 to 6 show the optical micrographs of the control sample and the varied tempered samples after 90 days in 1m NaCl solution. The SEM photographs of the controlled sample and the varied tempered samples after 90 days in 1m NaCl solutions are presented in [22] . They observed that the corrosion rate of heat treated specimens in marine medium (NaCl) is low when compared to that of as-rolled steel. It was also observed from the graph that the corrosion rates of all the samples were high between 15 days and 60 days in the corrosive medium and thereafter decreases steadily between 60 days and 90 days. This could be as a result of protective film formed on the surface of the corroding samples, which prevented further corrosion. This behavior agrees with the findings in [26] , they observed that the corrosion rate of medium carbon steel and carbon steel in general decreases with exposure time as protective barrier films are formed on the steel surface which effectively prevented corrosive medium from coming into contact with the steel and greatly reduces the corrosion rate. It could be seen that the same trend of corrosion rate hold for all the specimens. It can be seen that the corrosion susceptibility of the medium carbon steel samples increases with increase in tempering temperatures throughout the exposure time. This may be attributed to precipitation of carbide at the grain boundaries of this steel samples which eventually become susceptible to attack by the corrosion medium. The higher the tempering temperature, the more the carbide precipitated at the grain boundaries, and hence the more the corrosion attack by the medium which is in agreement with the findings in [20] and [27] , they observed that the higher the tempering temperature, the more the carbide precipitated at the grain boundaries, and hence the more the corrosion attack by the medium. It was also observed that the tempered steel sample behaved better in the corrosion medium than the other tempered samples of higher tempering temperatures. Fig. 2 show the microstructure of the control sample after immersion in NaCl solution for 90 days. Visible rust layer on the surface appears in dark contrast or reddish contrast due to high oxygen content which is in accordance with the findings in [20] where it was stated that after a certain period, corrosion selects another path and anodic dissolution starts along the laths within the matrix. Finally, the rust layer on the surface appears in dark contrast or reddish contrast due to high oxygen content. Fig. 3 -Fig. 6 show the microstructure of the tempered samples after immersion in NaCl solution for 90 days. It can be seen from these figures that the increase in tempering temperatures result in more coarse microstructures due to the availability of thermal energy needed for the precipitation of carbides. Fig. 3 tempered at show least coarse microstructure with Fig. 6 showing the coarsest microstructure for the tempered samples. Sample tempered at has a higher corrosion resistance compare to others tempered at higher temperatures. The Lath type ferrite and cementite phases within the tempered sample are responsible for the low corrosion rate. This is justified by the findings in [20] where it was stated that steel tempered at lower temperature has a higher corrosion resistance compared to steel tempered at higher temperature. Lath type ferrite and cementite phases within steel tempered at lower temperature are responsible for the low corrosion rate. The increase in corrosion rates can be attributed to the increase in carbide precipitation due to the formation of micro galvanic cells within the microstructure with the carbide phase becoming cathodic and the ferrite anodic. This is in agreement with the findings in [1] where it was stated that the observable difference in corrosion rates could be attributed to precipitation of ferrite and carbide phases. Fig. 7 -Figure. 11 show SEM micrographs of control sample and tempered samples at various temperatures after immersion in NaCl solution for 90 days. The morphology of the samples showed the presence of uniform corrosion across all the samples and the formation on the surface corrosion products as scales in different sizes with the control and tempered sample showing a little crack propagation which may have resulted from mild pit formation due to the Cl¯ ion present in the corrosive medium. This corresponds to the findings in [20] , where it was stated that it is certain that the steel having soft matrix, anodically dissolves with the interaction of Cl¯ ion as function of time. The lowest corrosion resistance showed samples which is related to the precipitation of the carbides at the grain boundaries ( Figure 11 ). The highest corrosion resistance has been established in samples after tempering at temperature (Figure 8 ).
Optical and SEM Evaluation of the Microstructural Changes of the Varied Tempering Temperatures on Corrosion Rate
CONCLUSION
From the results of the investigation carried out, the following conclusions were made: 1. The corrosion rate increases with increasing tempering temperatures in NaCl environment and this was due to the precipitation of carbides at the grain boundaries of these metals. 2. The Control sample were more susceptible to corrosion than the heat treated medium carbon steel samples in NaCl solution. 3. The least tempered sample (250 o C) showed a higher resistance to corrosion in NaCl environment than 350 o C, 450 o C, and 550 o C tempered samples, which revealed that, it is best to be used in this medium compared to other tempered samples and control sample.
